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BRAKE SYSTEM FOR A LINEAR ACTUATOR 
TECHNICAL FIELD 

The present invention relates to a brake system for a 
linear actuator comprising a table, a guide rail and a 
5 motor. 

BACKGROUND OF THE INVENTION 

Linear actuators are widely used in various fields of 
industry in such forms as moveable tables of machine tools 
and conveyers. Such actuators are typically powered by 
10 electric motors, and are sometimes provided with a brake 
system so that the motion of the carriage or table may be 
controlled even in case of a power outage or other event 
that would incapacitate the electric motor. Such a brake 
system typically stops the carriage or table as soon as an 
15 abnormal condition is detected, instead of allowing the 

carriage or table to continue its motion under inertia, and 
thereby provides a simplified ' safety feature. 

However, conventional brake systems are known to have 
a number of problems. They are unacceptably heavy and bulky 
20 when a high load bearing 1 capability and a high reliable are 
required. Limited durability is also a problem. 

Japanese patent laid open publication JP10-112971A 
discloses a brake system comprising a brake pad that 
engages a friction member attached to the guide rail under 
25 the biasing force of springs and an electromagnetic device 
that normally keeps the brake pad spaced away from the 
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friction member when energized. In case of a power outage, ■ 
the brake pad engages the friction member. When electric 
power is restored, an air cylinder device moves the brake 
pad away from the friction member against the biasing force 
5 of the spring. 

Japanese patent laid open publication JP2000-184686A 
'> discloses a similar brake system which is powered by 
springs, and kept disengaged by an electromagnetic device. 

In these brake systems, the brake pads are laterally 

10 displaced from the guide rail, and the brake force 

therefore causes a moment to the table or carriage in such 
a manner that the brake system tends . to be subjected to a 
complex external force. This requires the brake system to 
be adequately reinforced, and this adds to an increase in 

15 manufacturing cost and complexity of the structure. Also, 

the brake system tends to be larger than desired. Also, the 
moment that would act on the brake system causes a 
variation in the gap between the brake pad and friction 
member, and this prevents a stable operation of the brake 

20 system. 

Another problem of these conventional brake system is 
that there is no arrangement for amplifying the force 
produced by the electromagnetic device and this results in 
the need for a relatively powerful electromagnetic device 
25 which inevitably is large in size. The need for an air 
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cylinder as is the case with the invention disclosed in 
JP10-112971A is undesirable for obvious reasons. 
BRIEF SUMMARY OF THE INVENTION 

In view of such problems of the prior art, a primary 
5 object of the present invention is to provide a brake 

system for a linear actuator which is capable of a stable 
braking action even when the brake load is high. 

A second object of the present invention is to 
provide a brake system for a linear actuator which is 

10 reliable in use and compact in size. 

A third object of the present invention is to provide 
a brake system for a linear actuator which is simple in 
structure and economical to manufacture. 

According to the present invention, at least most of 

15 these objects and other objects can be accomplished by 

providing a brake system for a linear actuator, comprising: 
a guide rail; a table including a slider which is guided by 
the guide rail for a motion along a length of the guide 
rail, the slider comprising a moveable slide block that is 

20 adapted to slide along a surface of the guide rail and is 
supported by the slider so as to be moveable toward and 
away from the guide rail surface; a linear motor for 
actuating the table along the guide rail; and a power 
actuator for selectively moving the moveable slide block 

25 toward the guide rail surface; the moveable slide block 

sliding over the guide rail surface for a guiding action in 
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a first state of the power actuator and bearing upon the 
guide rail surface for a braking action in a second state 
of the power actuator. 

The slider thus serves the dual purposes of guiding 
5 the motion of the table along the guide rail and braking 
the motion of the table. In particular, because the brake 
force is produced in the guide rail, the moment acting on 
the table as a result of the braking action is minimized so 
that a stable braking action is ensured even when the brake 
10 load is high. This contributes to an improved reliable, 
compact design, simple structure and low manufacturing 
cost . 

According to a preferred embodiment of the present 
invention, the guide rail comprises a pair of mutually 

15 parallel guide rail members, and the table comprises a pair 
of laterally arranged sliders in a corresponding manner. 
Also, each of the guide rail members is provided with an 
upper surface and a pair of side surfaces each forming an 
acute angle with respect to the upper surface, and one of 

20 the sliders is provided with a bottom surface engaging the 
upper surface, a fixed slide block engaging one of the side 
surfaces while the moveable slide block engaging the other 
of the side surfaces. As for the other of the sliders, it 
is provided with a bottom surface engaging the upper 

25 surface, a pair of fixed slide blocks engaging the 
corresponding side surfaces of the guide rail. 
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A brake unit may be provided on each side of the 
table to achieve a laterally even braking action. However, 
even when a brake unit is provided only on one side of the 
table, an even braking action can be achieved. For this to 
5 be the case, the sliders may be dimensioned in such a 

manner that when the power actuator is in the second state, 
the moveable slide block of the one slider and one of the 
fixed slide blocks of the other slider which is located in 
a symmetric position to the moveable slide block bear upon 

10 the corresponding side surfaces of the guide rail. For 
instance, when the moveable slide block is located on an 
outer side of one of the sliders, the sliders may be 
dimensioned so that the outer slide block of the other 
slider and the moveable slide bock bear upon the 

15 corresponding side surfaces of the guide rail. 

A bearing member may be interposed between the slide 
block and guide rail surface for a favorable guide action 
and braking action. The bearing member preferably has a 
static frictional coefficient in the range of 0.15 to 0.25 

20 with respect to the opposing surface. The bearing member 

may comprise a porous carbon material prepared by sintering 
a mixture of plant-base carbon and phenol resin. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Now the present invention is described in the 

25 following with reference to the appended drawings, in 
which : 
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Figure 1 is a front view of a linear actuator 
incorporated with a brake system embodying the present 
invention; 

Figure 2 is a fragmentary side view of the linear 
5 actuator shown in Figure 1; 

Figure 3 is a sectional view taken along III-III of 
Figure 2 in the engaged state of the brake system; 

Figure 4a is a sectional view taken along IV-IV of 
Figure 2 in the engaged state of the brake system; 
10 Figure 4b is a sectional view taken along IV-IV of 

Figure 2 in the disengaged state of the brake system; 

Figure 5 is a view similar to Figure 4a showing a 
second embodiment of the brake system according to the 
present invention; 
15 Figure 6 is a front view of a linear actuator 

incorporated with a third embodiment of the brake system 
according to the present invention; 

Figure 7 is a fragmentary side view of the linear 
actuator shown in Figure 6; 
20 Figure 8 is a sectional view taken along VIII-VIII of 

Figure 7 in the engaged state of the brake system; 

Figure 9a is a sectional view taken along IX-IX of 
Figure 7 in the engaged state of the brake system; 

Figure 9b is a sectional view taken along IX-IX of 
25 Figure 7 in the disengaged state of the brake system; and 
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Figure 10 is a view similar to Figure 9a showing a 
fourth embodiment of the brake system according to the 
present invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 ~ Figures 1 to 4 show a brake system embodying the 

present invention which becomes engaged when power supply 
is lost. The illustrate linear actuator 1 comprises a guide 
rail 4 comprising a pair of parallel guide rail members 4 
attached to a base 5 and a table 3 supported on the guide 

10 rail 4 via four sliders 2a to 2d slidably guided by the 
guide rail 4, a linear motor including a fixed part 6 
attached to the base 5 and a moveable part 7 attached to 
the bottom surface of the table 3 opposite to the fixed 
part 6, and a position sensor including a fixed part 9 and 

15 a moveable part 10. 

Figure 1 shows two of the four Each guide rail member 
of the guide rail 4 is provided with a horizontal top 
surface 11 and a pair of side surfaces 12 which extend 
obliquely toward each other from a top end adjoining the 

20 top surface 11 to a lower end thereof. Therefore, each side 
surface 12 and top surface 11 jointly define an acute angle 
when viewed in cross section. In this embodiment , the base 
of each guide rail member is substantially as broad as the 
top surface so that the guide rail member defines a pair of 

25 V-grooves on either side thereof. 
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Figure 1 shows two front ones 2a and 2c of the four 
sliders 2a to 2d, and the following description will be 
limited to these because the rear two sliders 2b and 2d 
have an identical structure as these front ones. Each of 
5 the sliders 2a and 2c is fixedly attached to the lower 

surface of a corresponding corner of the rectangular table 
3, and is provided with a rectangular C-shaped cross 
section having an open end facing downward. A pair of slide 
blocks 15, 16, 25 and 26 each having a substantially right 

10 triangular cross section is received in each of the sliders 
2a and 2c in such a manner that the corresponding guide 
rail member is engaged by the slider substantially without 
any play. More specifically, the bottom surface of each 
slider engages the top surface 11 of the corresponding 

15 guide rail member via a bearing member 14 which in this 

case is attached to the slider, and an oblique side of each 
of the slide blocks 15, 16, 25 and 26 engages the 
corresponding oblique side surface 12 of the guide rail 4 
via similar bearing members 14. 

20 In this embodiment, the slide blocks 25 and 2 6 for 

the slider 2c shown on the left side of Figure 1 are both 
fixed to the corresponding slider 2c. As for the slider 2a 
shown on the right side of Figure 1, one of the slide 
blocks 15 on the inner side is fixed to the slider while 

25 the other slide block 16 on the outer side is retained so 
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as to be moveable in the lateral direction to a certain 
extent . 

The slider 2a including the moveable slide block 16 
is additionally provided with a solenoid device 8a 
5 including an electromagnet 17 and an armature 18 which 

includes a rod-like main part 18a which is passed centrally 
through and guided by a hole formed in a lid member of the 
solenoid device and a corresponding hole passed through the 
slider 2a, a first end threaded or otherwise attached to 

10 the movable slide block 16 and a second end 18c in the form 
of a disk so as to be attracted to the electromagnet 17 
when the latter is energized. (The slider 2b is similarly 
provided with a solenoid device 8b.) As shown in Figure 3, 
a pair of through holes 20 are passed through the slider 

15 2a, and each through hole 20 communicates with a recess 19 
formed in the moveable slide block 16. A compression coil 
spring 21 is received in each through hole 20 so that the 
inner end of the coil spring 21 is received by the 
corresponding recess 19, and the outer end of each through 

20 hole 20 is closed by a threaded bolt 22. By threading each 
threaded bolt 22 into and out of the through hole 20, the 
spring force of the compression coil spring 21 can be 
adjusted. The spring force determines the braking force 
produced by the brake system. 

25 Therefore, when the solenoid device 8a is not 

energized, the moveable block 16 is urged against the 
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corresponding oblique side surface 12 of the guide rail 4 
via the bearing member 14, and the spring force of the coil 
springs 20 is selected so that a required braking force is 
produced. When the solenoid device is energized, the 
5 armature 18 pulls the moveable slide block 16 away from the 
oblique side surface 12 of the guide rail 4 against the 
spring force of the coil springs 21 with the result that 
the table 3 is allowed to move along the guide rail 4 
substantially without any friction. The solenoid device 8a 

10 is thus normally energized, and keeps the brake system 

disengaged, but can quickly engage the brake system in case 
of a power outage or other abnormal situations. The gap 
between each bearing member 14 and the opposing side 
surface 12 (which is shown in Figure 4b in a somewhat 

15 exaggerate manner) is selected in such a manner that the 

play in the engagement between the guide rail 4 and slider 
2a and the friction force are both within tolerable ranges 
in the disengaged state of the brake system. 

In this embodiment, a pair of brake units are 

20 provided on one side of the table 3 as shown in Figure 2, 
and the solenoid devices 8a and 8b and coil springs 21 act 
upon the outer slide blocks 16. When each brake unit is 
engaged, the corresponding coil springs 21 push the 
corresponding slide block 16 against the corresponding side 

25 surface 12 of the guide rail 4. The pressure on the side 

surface 12 produces a vertical component of force, and this 
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it does not mean other materials are excluded. On the 
contrary, there are a number of other materials that could 
be used in an equally satisfactory manner. 

Figure 5 shows a second embodiment of the present 
5 invention, and the parts corresponding to those of the 

previous embodiment are denoted with like numerals. In the 
previous embodiment, the moveable slide block had a 
substantially same length as the corresponding slider, and 
these two parts were coextensive in the longitudinal 

10 direction. In the second embodiment, the slider 2a is 

provided with a recess 27 for receiving, a moveable slide 
block 16 therein. Therefore, the side surfaces of the 
recess 27 provides a guide action for the movement of the 
moveable slide block 16 toward and away from the side 

15 surface 12 of the guide rail. Also, the moveable slide 

block 16 has a substantially smaller length than the slider 
2a so that the slide block 16 is pushed against the 
opposing oblique surface 12 of the guide rail 4 over a 
relatively small surface area via a bearing member 14, and 

20 this provides a better braking action depending on the 
nature of the bearing member 14. 

Figures 6 to 9 show a third embodiment of the present 
invention, and the parts corresponding to those of the 
previous embodiment are denoted with like numerals. In this 

25 embodiment, the brake system becomes engaged when power is 
supplied. The armature 18 of the solenoid device 8a is 
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provided with a rod-like main part 18a, a first- end 
threaded or otherwise attached to the movable slide block 
16 and a second end 18c in the form of a disk so as to be 
attracted to the electromagnet 17 when the latter is 
5 energized. In this embodiment, as opposed to the first 

embodiment, the rod-like main part 18a is passed and guided 
centrally through the electromagnet 17, and the magnetic 
gap between the second end 18c of the armature 18 and the 
electromagnet 17 is formed on the side of the electromagnet 

10 17 remote from the moveable block 16. A compression coil 

spring 30 is interposed between a retainer ring 31 attached 
to the rod-like main part 18a and an opposing surface of 
the movable slide block 16. Therefore, when the 
electromagnet 17 is energized, the brake system is engaged 

15 by the solenoid device 8a against the spring force the coil 
spring. When the electromagnet 17 is deenergized, the brake 
system is disengaged under the spring force of the coil 
spring 30. 

The solenoid is typically connected to an emergency 
20 power source so as to be energized when such a need arises. 
Therefore, the solenoid is normally deenergized, and does 
not consume any power when not in use. When the power is 
removed from the solenoid, the brake system is disengaged 
under the spring force of the coil spring 30 without 
25 requiring any other means . 
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Figure 10 shows a fourth embodiment of the present 
invention, and the parts corresponding to those of the 
previous embodiment are denoted with like numerals. In the 
previous embodiment, the moveable slide block had a 
5 substantially same length as the corresponding slider, and 
these two parts were coextensive in the longitudinal 
direction. In the fourth embodiment, the slider 2a is 
provided with a recess 37 for receiving a moveable slide 
block 16 therein. Therefore , this embodiment provides 

10 similar advantages as those of the second embodiment 
illustrated in Figure 5. 

Although the present invention has been described in 
terms of preferred embodiments thereof, it is obvious to a 
person skilled in the art that various alterations and 

15 modifications are possible without departing from the scope 
of the present invention which is set forth in the appended 
claims . 
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